Introduction ▼
The Wattbike is a newly developed air-braked ergometer endorsed by British Cycling for talent identifi cation and support for their world class programmes. It calculates power output via the use of a load cell located next to the chain. As the chain runs over the load cell, it calculates the sum of all the forces applied to the chain through the cranks. The Wattbike is designed to be used by both competitive cyclists and the general public exercising within a gym environment. The ergometer also allows ' online ' time-trial racing which is used for talent identifi cation. Therefore, the validity and reliability of the Wattbike is of interest to those working in the fi eld, and it is pertinent to investigate these factors across a wide range of power outputs. The SRM Powermeter has long been considered as the ' gold-standard ' power measuring device due to its validity and reliability [1, 5, 10, 12] . The SRM Powermeter is a crankset that calculates power output as the product of torque x angular velocity, where torque is measured via the defor-The purpose of this study was to assess the validity and reliability of the Wattbike cycle ergometer against the SRM Powermeter using a dynamic calibration rig (CALRIG) and trained and untrained human participants. Using the CALRIG power outputs of 50 -1 250 W were assessed at cadences of 70 and 90 rev.min − 1 . Validity and reliability data were also obtained from 3 repeated trials in both trained and untrained populations. 4 work rates were used during each trial ranging from 50 -300 W. CALRIG data demonstrated signifi cant diff erences ( P < 0.05) between SRM and Wattbike across the work rates at both cadences. Significant diff erences existed in recorded power outputs from the SRM and Wattbike during steady state trials (power outputs 50 -300 W) in both human populations (156 ± 72 W vs. 153 ± 64 W for SRM and Wattbike respectively; P < 0.05). The reliability (CV) of the Wattbike in the untrained population was 6.7 % (95 % CI 4.8 -13.2 % ) compared to 2.2 % with the SRM (95 % CI 1.5 -4.1 % ).
In the trained population the Wattbike CV was 2.6 % (95 % CI 1.8 -5.1 % ) compared to 1.1 % with the SRM (95 % CI 0.7 -2.0 % ). These results suggest that when compared to the SRM, the Wattbike has acceptable accuracy. Reliability data suggest coaches and cyclists may need to use some caution when using the Wattbike at low power outputs in a test-retest setting.
during mechanical trials, human steady state trials and human performance trials; 2. To investigate the reliability of the Wattbike cycle ergometer by performing repeat measures with both trained and untrained participants.
Methods ▼
Each test was performed on the Wattbike ergometer (Wattbike Ltd, Nottingham, UK), from which the original crankset was removed and the bottom bracket replaced to allow an SRM Powermeter (Science model, SRM, J ü lich, Germany) to be fi tted. The SRM Powermeter (SRM) fi tted had the same size crank arm (170 mm) chainring (48 teeth) as the original Wattbike crankset. The Wattbike chain was used and was confi gured to follow the same alignment to ensure the correct functioning of the Wattbike load cell. This set-up allowed data to be collected simultaneously from the SRM and the Wattbike. At the start of the study the SRM had been calibrated through a fi rst principles approach by specialists at British Cycling according to the methods of Wooles et al. [17] . Prior to each trial the zero was calibrated for both the Wattbike ergometer and SRM in accordance with manufacturers ' recommendations. Wattbike cadence sensors were left in situ. Power output was recorded and averaged over 5 s intervals. The Wattbike calculates power output by measuring the chain tension over a load cell (sampled at 100 Hz). The Wattbike calculates power output using the formula: take part in the study. The untrained individuals cycled regularly as part of a fi tness regimen, but had no training or competitive experience. All participants gave written informed consent before taking part in this study which had local ethics committee approval. The study was also conducted in accordance with the ethical standards of the International Journal of Sports Medicine [6] . Throughout the study, participants served as their own control, maintaining their normal diet and daily activity patterns. All were instructed not to train within the 24 h prior to testing. Each participant attended the laboratory on 4 separate occasions. The fi rst visit was to perform a test of maximal aerobic power. This test assessed maximal power output (MPO), maximal oxygen uptake (VO 2max ) and maximal heart rate. Work rates were applied in a random order each visit. After a short rest, participants completed a 5 min performance trial. The participants began from a standing start and were required to sustain the highest average power over 5 min. Mean power output and cadence were recorded for each performance trial. All trials were completed in an air conditioned laboratory.
Statistical analysis
For all test variables, mean ( ± SD) values were calculated for each method of assessing power output. Data were subsequently assessed for the normality of distribution and heteroscedasticity [14] . Statistical diff erences in power output and cadence between the Wattbike and SRM were assessed using Wilcoxon Signed Rank Tests across the 3 conditions (mechanical trials, human steady state and performance trials). The 95 % limits of agreement were calculated to assess the agreement between the Wattbike and SRM across the conditions [4] . To assess random error within the Wattbike, the within-subject variation, expressed as a coeffi cient of variation (CV), was derived from log-transformed data [8] . The 95 % confi dence intervals were calculated for each CV. A signifi cant diff erence was set at P < 0.05.
Results

▼ Wattbike vs. SRM comparative data Mechanical trials
14 separate power outputs (50 -700 W) were used with the calibration rig driving the ergometer at a set cadence of 70 rev. min − 1 . Wattbike power output was signifi cantly diff erent ( P < 0.05) from that recorded on the SRM at each power output using a cadence of 70 rev.min used at a cadence of 90 rev.min − 1 . Wattbike power output was signifi cantly diff erent from the SRM across the range of set wattages ( P < 0.05), except at powers of 100, 550 and 600 W ( P > 0.05).
• ▶ Fig. 2a demonstrates a near perfect correlation (r = 0.99; P < 0.01) between the Wattbike and SRM power outputs across the range of work rates examined at 90 rev.min − 1 . However the Bland-Altman plot clearly illustrates the diff erences in recorded power outputs between the 2 devices across the same range ( • ▶ Fig. 2b ). The 95 % limits of agreement were − 13 to 27 W.
Mean cadence was not signifi cantly diff erent between the 2 systems (mean diff erence = 1 ± 1 rev.min − 1 ; P > 0.05).
Wattbike versus SRM steady-state human trials
Signifi cant diff erences existed in recorded power outputs from the SRM and Wattbike during steady state trials (power outputs 50 -300 W) in both trained and untrained populations (156 ± 72 W vs. 153 ± 64 W for SRM and Wattbike respectively; P < 0.05). Specifi cally, in the untrained population at the lower power outputs of 50 and 100 W the Wattbike recorded power outputs that were signifi cantly higher than the SRM (Mean diff erence Wattbike -SRM: 8 ± 7 W at 50 W P < 0.01; 4 ± 6 W at 100 W P < 0.01). There was no signifi cant diff erence between the 2 systems at 150 W (0 ± 7 W; P > 0.05). However, at 200 W the Wattbike power output was signifi cantly lower than the SRM ( − 6 ± 7 W P < 0.01).
• ▶ Fig. 3 shows the agreement between the measurement of power outputs from the Wattbike and SRM. Signifi cant diff erences also existed between power outputs in the trained population with Wattbike power output being signifi cantly lower than SRM power output at all work rates ( − 4 ± 6 W at 150 W; − 10 ± 5 W at 200 W; − 14 ± 4 W at 250 W; − 20 ± 6 W at 300 W). The 95 % LoA for the trained population between the Wattbike and SRM were − 16 to 8 W at 150 W, − 20 to 1 at 200 W, − 22 to − 6 at 250 W and − 31 to − 9 at 300 W ( • ▶ Fig. 4 ).
Wattbike cadence and SRM cadence were signifi cantly diff erent at all work rates in both untrained and trained populations (mean cadence across all work rates; untrained: 70 ± 3 vs. 69 ± 2 rev.min − 1 ; P < 0.01; 95 % LoA, − 4.22 to 2.14 rev.min − 1 ;
trained: 91 ± 1 vs. 90 ± 2 rev.min − 1 ; P < 0.01; 95 % LoA, − 3.27 to 1.33 rev.min − 1 ).
Reliability data
3 repeated trials were used to establish the random error associated with the Wattbike and SRM. Across all work rates used the Wattbike demonstrated greater random variability than the SRM within both the untrained ( • ▶ Table 1 ) and trained Discussion ▼
The purpose of this investigation was to assess the validity and reliability of the Wattbike cycle ergometer. The simultaneous data collected in both mechanical and human trials suggests that the Wattbike recording of power output is signifi cantly different from that of the SRM across a range of power outputs up to and including 1 250 W. Specifi cally, at power outputs up to ~ 550 W the Wattbike tends to under predict the SRM. At power outputs above ~ 550 W the Wattbike records power output higher than the SRM. These fi ndings were consistent during both mechanical and human trials. Wattbike has an agreement of ± 1.4 % with the SRM. Signifi cant diff erences were also present between the Wattbike and SRM during steady state trials conducted by both trained cyclists and untrained individuals. At the low power outputs of 50 and 100 W, the Wattbike recorded signifi cantly higher values than the SRM. As power output increased above 150 W, the Wattbike under reported power output compared to the SRM power meter. This was also the case during the 5-min performance trials, where the Wattbike signifi cantly ( P < 0.05) under reported SRM power output in both untrained and trained populations ( − 5 W and − 29 W, respectively).
• ▶ Fig. 5 illustrates the relationship between data collected from the mechanical trials, trained cyclists and untrained individuals. The between system diff erences are remarkably similar despite the very diff erent methods used to evaluate the Wattbike.
Results for the SRM in the current study are in agreement with reliability data from previous studies. Specifi cally, mean reliability of the SRM across power outputs from 50 -200 W in untrained cyclists was 2.2 % and 1.1 % for trained cyclists across power outputs 150 -300 W. Kirkland et al. [11] found a mean CV of 2.31 % across 137 separate power outputs in a group of trained cyclists. Similarly, Bertucci et al. [3] showed a mean CV of 1.7 % for an SRM (scientifi c model) crank set over power outputs 100 -420 W; again this is comparable to the fi ndings of the current study. Error within the Wattbike system could also be obtained from diff erences in pedal cadence. Data collected from both systems during mechanical trials indicate that there were no signifi cant diff erences (mean diff erence 0 -1 rev.min − 1 ) in the recorded cadence between the two systems. However, recorded cadence was signifi cantly diff erent during the steady-state trials in both trained and untrained populations. It could be speculated that this slight discrepancy in cadence might be because the two systems are not synchronised at their point of measurement. For example, the SRM only measures angular velocity once per crank revolution, compared to 2 samples from the Wattbike. Averaging angular velocity from 2 samples per revolution will not necessarily provide the same angular velocity, and thus cadence, as a single measurement taken once over the same period. When removing cadence from the power output equation and considering torque alone, the diff erence between the two systems remains. Diff erences in recorded power output between the two systems might be due to the way they measure force. The Wattbike calculates force via the use of chain tension over a load cell, whereas the SRM measures torque from strain gauge deformation in the crank. It is possible that friction between the chain and load cell may cause temperature related changes within the Wattbike load cell and, therefore, its measurement of force. The SRM would not be aff ected by these frictional forces within the chain as it directly measures torque from force applied to the pedals. It might also be the case that the diff erences in the recorded power output between the two systems are simply because they are situated at diff erent places within the drive chain. Data comparing the SRM and Power Tap powermeters (located at the bottom bracket and rear hub of the bicycle, respectively), suggest the different location may lead to values approximately 2 % lower in the Power Tap because of transmission losses in the chain and sprocket drive mechanism [5] . The Wattbike load cell is located part way between these 2 points and thus may be partially aff ected by drive chain losses. 3 repeated steady state trials were used to calculate reliability coeffi cients for the Wattbike and SRM in both trained and untrained populations. These trials indicated a greater variability in power output recorded from the Wattbike during concurrent data collection. It can be seen from • ▶ Tables 1, 2 that the mean CV % for the Wattbike was outside of the upper confi dence interval for the SRM on all but one of the power outputs (trained 250 W), suggesting that it is not as reliable at measuring power output. However, the low CV values for power output from the Wattbike still indicate that it can provide reliable power output measurements. The mean CV for Wattbike power output in trained cyclists was 2.6 % . This is in line with reliability coefficients reported for other commercially available power measuring devices [3, 11] . Some variability in power output during these trials may have been due to the participants not being able to exactly maintain the required power output, rather than there being a diff erence in the calibration on a trial-to-trial basis. To accommodate for this ' human variation ' we used the mechanical calibration rig as discussed above, thereby ensuring an exact cadence was maintained throughout the mechanical trials. It is important for coaches and sport scientists working with cyclists to be confi dent that the power measuring device they are using is accurate. Hopkins and colleagues have suggested that, in elite athletes, the required detectable change in performance from an ergogenic or training intervention should be of a magnitude of less than 2 % [7, 8] . When compared to the SRM, the mean error of the Wattbike ergometer demonstrated in our data falls within this range. However, this is largely due to the nature of the S-shaped relationship between Wattbike and SRM power readings. The largest error in power output when driven by the mechanical CALRIG at 90 rev.min − 1 and 150 W was 4.5 % .
This degree of precision may be unacceptable for testing the elite population, especially when absolute magnitudes are considered. For example, the mean error of the Wattbike power output compared to the SRM at 1 250 W was only 1.8 % , however, in absolute terms the Wattbike measures higher than the SRM by 23 W. Even so, this level of agreement is comparable with that of other commercially available power measuring devices [1, 2, 5, 11] . Agreement between ergometers is important and needs to be addressed for the accurate assessment between Wattbikes at the same, and diff erent laboratory locations. Research is required to assess inter-Wattbike agreement especially as one of its principle uses is for talent identifi cation, with bikes located in schools, gyms and cycling centres across the world. Based on the current study ' s evaluation of one Wattbike, a mean error of < 2 % compared to the SRM would be acceptable for talent identifi cation purposes. Although it is important to acknowledge that this error might be greater at very low or high power outputs which is supported by the reliability results from the current study illustrating a ~ 3 % between trial variability. The Wattbike comparative data is also strengthened by the reliability results from the current study which illustrate ~ 3 % between trial variability. Hopkins [8] suggested that an 84 % confi dence interval is a more reasonable threshold than the traditional 95 % interval when attempting to detect changes in athletic performance. Based on a power output of 300 W, changes of > 2 % (5 W) and > 1 % (3 W) would be required to be confi dent (84 % ) that a trained cyclist had changed power as a result of a training intervention for the Wattbike and SRM systems, respectively. For an untrained population at a power output of 200 W, changes of > 2 % ( ~ 5 W) and > 1 % ( ~ 2 % ) would be required. These results suggest that the Wattbike is suffi ciently accurate to track performance changes over time and thus would serve as an acceptable training tool for both trained and untrained populations.
Conclusion ▼
In conclusion, the results of the present study suggest that the Wattbike ergometer provides close agreement to power output measurements across a range of power outputs compared to the SRM power meter. However, the level of agreement varied according to the level of power output. Data from the mechanical tests suggests that the Wattbike is less accurate at high power outputs ( > 700 W). Both the SRM and Wattbike have been shown to have good reliability ( > 50 W) in repeated trials undertaken by both trained and untrained participants.
